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>Preface
Bioforsk has the pleasure to welcome you to the Nor-
dic Baltic Potato Tuber-Disease Workshop 2011 (PTDW 
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including the potato industry, and scientists from 
the Nordic and Baltic countries. In addition, we also 
#!#!!!
and other people interested in potato quality. In total 
there are about 60 participants at the workshop from 
the Nordic countries, UK, Switzerland, USA and China. 
The increase in sale of potatoes as a washed and pre-
packed product has meant that skin blemish diseases 
#				!#
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eral pathogens, including bacteria and fungi, that can 
cause skin blemish diseases, including Streptomyces 
spp, (common scab), Spongospora subterranea  
f. sp. subtereanea (powdery scab), Helminthosporium 
solani|!!jRhizoctonia solani (black scurf), 
Polyscytalum pustulans (skin spot) and Colletotri-
chum coccodes (black dot). In addition, there are also 
	!|Pratylenchus penetrans) that 
might cause lesions on potatoes resembling common 
scab.
For Norwegian potato growers losses due to scab and 
!!		}487	
fresh market potatoes, scab and scurf are a more 
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	-
ance, and all kinds of skin blemishes are important, 
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business in Norway, the cost of skin blemish diseases 
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diseases (scab and scurf) in Norwegian potato produc-
	|^<j"#!	3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!
from the Research Council of Norway, the Foundation 
	$!#	;?	!#;-
ricultural Agreement Research Fund, and Norwegian 
potato growers and food industries; Gartnerhallen, 
Bama, ICA-Norge, NF-Grønt, KiMs and Maarud.
"#	}!#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Lees (UK), Leslie Wanner (USA) and Jari Valkonen 
(Finland), are contributors in the workshop. In  
	!)!'x	Y#
and Ueli Merz from Switzerland.
The workshop has 5 different sections, in which the  
>+!#!	!	#	3@
1.   Occurrence of skin blemish diseases in the Nordic 
and Baltic countries
2.   Diagnosis and biology of different skin blemish 
pathogens
> Y			!)!#!!!
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in Nordic and Baltic countries
5.  Future challenges
In the table of contents, the abstracts are presented 
in the same order as found in the program.
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J. Nielsen (Denmark) and Arne Hermansen (Norway). 
The local organizing committee consists of Erling 
Fløistad, Kari Munthe and Arne Hermansen from 
(		!)?#??		'!	
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We wish to thank our workshop sponsors Research 
Council of Norway and Bioforsk. In addition, we are 
!	#)	#	#+		!	
#(		!)	3	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We hope this workshop will be an interesting meeting 
		!!!!	!	#!
from the different countries to exchange results and 
experiences and discuss future challenges regarding 
potato tuber diseases, with the main focus on skin 
blemish diseases.  
Arne Hermansen
Organizing committee chair
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Survey of skin blemish diseases in Norwegian 
potato production in 2008 and 2009   
A. Hermansen1, M. W. Dees1,2, R. Holgado1, V. H. Le1 & R. Nærstad1 
1(		!)	
]!	;G	$!#?#??		'!	 
/!	
2	
9!	:!'	?G	:!/!	
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The increase in the sale of potatoes as a washed 
and pre-packed product has meant that skin blem-
!#!!!#				
as they affect appearance and therefore the qual-
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"#	3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
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blemish diseases (scab and scurf) in Norwegian potato 
production.  
;!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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regions. From each season potatoes were sampled 
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			!
	=!	!
January and early February, and late March and early 
April. 
All potato lots coming to the companies in the sam-
pling periods were assessed by the company staff. If 
	#					#!-
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Regular potato samples for analyses (approx 10 kg) 
was washed in tap water and placed in a barrel (ap-
	}>		j"!!	
the top of the barrel were scored for different scab 
and scurf diseases using a percentage scale. Six dif-
ferent disease categories were used; common scab, 
	
!)!!!)	!)
spot, others. A sub-sample of 20 tubers with typical 
symptoms of the skin blemish symptoms of each of 
the lots was sent to Bioforsk for further examination. 
The staff at Bioforsk scored the 20 tubers for differ-
ent skin blemish diseases in three rough categories 
for each disease; “a lot”, “some” and “not detect-
ed”. Ten of the tubers were further examined using 
	+~!"
	!	!|#
three parts) from each tuber surface were cut, placed 
?!##Y
	^!"##!	!
}!
a stereo microscope for the presence of black scurf 
(Rhizoctonia solani|jj!!|Hel-
minthosporium solani (conidia and conidiophores)), 
skin spot (Polyscytalum pustulans (conidia and coni-
diophores)), and black dot (Colletotrichum coccodes 
|	!		jj. 
The occurrence of the nematodes Pratylenchus spp., 
was examined in tubers that had symptoms resem-
bling common scab. Samples from scabby lesions 
of 5 tubers were boiled in 0.05 % acid fuchsin and 
lactoglycerol. For each tuber two 1 cm2 areas of skin, 
!			!!!	#
	
!	)				3!
for examination in light microscope. 
The results from the subsamples sent to Bioforsk 
showed that H. solani was present in all lots. P. pus-
tulans and R. solani|j
!	^	
the lots while Streptomyces spp. and C. coccodes was 
!<E	#	!S. subterranea was 
found in 25-50 % of the lots. Pratylenchus spp. was 
present in 60 % of examined subsamples with common 
scab symptoms.  The relationship between root lesion 
nematodes and Streptomyces need further studies. 
"#
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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scab and scurf diseases.
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Streptomyces species causing common  
scab in Norway 
M.W. Dees1,2?:		>, E. Lysøe1, A. Sletten1, J.P.T. Valkonen> & A. Hermansen1
1(		!)	
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Helsinki, Department of Agricultural Sciences, Finland
merete.wiken.dees@bioforsk.no
Common scab is a serious disease of potatoes reduc-
	!	!!!"#!!
!!!	<	<	!+	!
bacteria of the genus Streptomyces$
	
#!#!!#!<
pathogenic. The plant pathogenic species are a rela-
!	?#	#!
is based on production of the phytotoxin thaxtomin 
which has an impact on cellulose biosynthesis.  Strep-
tomyces scabies, S. turgidiscabies, S. acidiscabies and 
S. europaeiscabiei are among the most well known 
common scab causing pathogens worldwide.
4!
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	
##Strep-
tomyces species cause common scab in Norway.  
Bacteria were isolated from scab lesions on tubers 
sampled in two years from different locations in 15 
	!		
!=)	!	#
		#:	!	!
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
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cases raised lesions. After DNA extraction from pure 
!#};(};(
!!	
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!!		<
pathogenic strains. 
Pathogenicity of selected strains was tested on rad-
ish seedlings and potato. The ability of the bacterial 
strains to infect potato or radish was consistent with 
the presence of the txtAB operon, the pathogenicity 
determinant.
[	<!	#*	
!
conducted to identify a selection of the pathogenic 
strains of Streptomyces obtained from potato scab 
lesions and to compare genetic differences between 
them. Species determination was done by PCR based 
	#	!#:$;
The Norwegian strains of Streptomyces were assigned 
to S. europaeiscabiei|jS. turgidiscabies  
|>j!	#!$;	
analysis. Surprisingly, S. scabies was not found in 
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Occurrence of potato tuber diseases in China 
and control strategies
L. Dianqiu
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smallpotatoes@126.com
China is the greatest potato production country in 
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key reason affecting Chinas potato yield and quality. 
Among them, the potato tuber diseases, such as com-
	!)!		#!#
impact on tuber quality.
\##		Y#!		!#
planting area of potato is increasing year by year, so 
			!+	#	
area in some potato growing regions, which resulted 
in soil-borne diseases occur more serious. For exam-
ple the potato black scurf disease, the incidence rate 
!	=	!				!	
	3	:	!	!
	!#		;!3	!)!!
common scab affecting commercial quality of potato, 
!	!		Y#!#!	3
Inner Mongolia, Hebei, Shandong, Shanxi, Shaanxi, 
Guizhou, Gansu, Sichuan, Hunan, Hubei, Yunnan and 
	#	!
##	!#
potato producing areas in China. In the arid climate, 
)!				!	!#
##]#			
minitubers are affected seriously by the disease, and 
the incidence rate of common scab for minitubers has 
#>		#	Y#!
!+			!!!
Potato dry rot induced by Fusarium (Fusarium spp.) 
!!		!!	
potato storage period in China. General incidence 
!<>!		!!#
!	!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Control strategies: 
1. !!<!!!:
!!<!!		!
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
!	#
occurrence of diseases. But at present, apart from 
!	!!!	! 
!<!		)!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2. growing disease-free seed is an important and  
!	!!!
> taking different agricultural technical measures 
aim to different diseases, such as rotation,  
irrigation etc. 
= using chemical control. 
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Challenges of a common pathogen with an 
uncommon plant response: Potato Common 
Scab 
L. A. Wanner
9:'	;<;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#: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Potatoes are the fourth most important staple food 
		

	
	
		!
are affected by numerous pests and diseases, seri-
ously impacting production costs and sustainability.  
Common scab (CS) is an important disease for which 
there is no adequate control. CS decreases potato 
quality and marketability because of wart-like, rus-
!	!	!	#		!)G
control of CS depends on greater understanding of 
both the host and the pathogen. Traditional cultural 
control strategies like irrigation and reduced soil pH 
!+	"#!	
for resistance genes or for a classic defense response 
against Streptomyces. Recent research is focused 
in two areas that should help in controlling CS: (1) 
Research-based knowledge of the plant pathogenic 
soil bacteria in the genus Streptomyces that cause 
#!!#!			#
pathogen and its distribution, helped clarify under 
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CS, integrated use of cultural methods together with 
!
##!Y:!!	
region is currently the best option for control. 
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Diagnostics, epidemiology and control of 
potato blemish diseases - Focus on black dot
A.K. Lees1, J.L. Brierley1, S.J. Wale2, A.J. Hilton2, J. Peters>, N. Bradshaw= & P. Gladders=
1Y%[	:!"#!	]!]	
'982 SAC, Aberdeen, UK. >7		G	
Research Agency, York, UK.= ADAS Boxworth, Cambridge, UK. 
alison.lees@hutton.ac.uk
Black dot, caused by Colletotrichum coccodes, is an 
important constraint to the pre-pack potato industry 
#98			!#	

necrotic lesions on the tuber surface. In order to 
!!<!!
	)	!+!		!#
				!	!
causing disease. 
?	!!!!#		!<
soil-borne inocula, but the potential of naturally 
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	!!!
!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x+-
cation of seed- and soil-borne inocula.  
In the work described here, seed-tuber and soil-borne 
inocula of C. coccodes
x+!}!-
ing real-time PCR assay and related to subsequent 
!	!!]	+!
		<	}#	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the monitoring of 122 commercial crops, seed-tuber 
	
!	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!!	
than soil-borne inoculum in causing black dot, and 
#	!<	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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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	!	!!	
the percentage of progeny tubers deemed unmar-
ketable. By contrast, soil-borne inoculum had the 
		!##!	!!#
	C. coccodes soil infestation (pg DNA g) 1 soil) 

!	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+;!	!-
	!	
';C. coccodes g)1 soil, 
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Interpretation of disease risk based on inoculum 
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	-
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!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
fungicide application, irrigation, host resistance and 
crop duration, all of which may act in combination 

#!	<		!	#	
	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risk factors and control measures can be managed to 
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Occurrence, biology and epidemiology of 
Spongospora subterranea f. sp. subterranea, 
the cause of powdery scab of potato
U. Merz
Plant Pathology, IBZ, ETH Zürich, Zürich, Switzerland
ueli.merz@agrl.ethz.ch 
The importance of this disease, caused by the 
zoosporic pathogen Spongospora subterranea f. sp. 
subterranea (Sss), has increased worldwide. In some 
regions it is one of the most important problems 
in potato production. Infected seed lots may be 
3	#	|	!
zero to low) or extra grading is needed. Similarly, 
supermarket quality standards may require additional 
grading labor for ware potatoes and infected potatoes 
		!!		
!!!	+
Sss!!			#	
!Potato mop-top virus, which causes internal 
symptoms on tubers, a quality problem especially 
for processing. Furthermore, root infection (galling) 
seems to reduce yield.
Sss belongs to the order of Plasmodiophorida, com-
monly called the Plasmodiophorids, and is an obli-
gate, non-culturable parasite, making research dif-
+]#!
#	!#!!	
!#!		!	!		!!
"##	!!!!!	!|!		!	j
the soil for many years. It is assumed that the spores 
!+!!	!#*		!	!"#
nature of host recognition is unknown, but all the 
?!		#	!#x#-
	#	"#	!<		!
unclear and we do not know e.g. which factor(s) 
!	#	!	
zoosporangium or a gall in roots. With true fungi, a 
resting structure is mostly related to recombination 
but this relationship has not yet been found with  
Plasmodiophorids.
It is commonly assumed that powdery scab prefers 
		
		!#!	!4
		!>Y
				EY:	
!!!
for the spread of the zoospores thus stopping irriga-
tion around tuber initiation (susceptible stage) can 
	;
<<
!		!-
!!		#!!"#!#}
the fact that powdery scab occurs also in hot and dry 
regions where soil temperatures can be as high as  
=Y	!!	!
with high water retention capacities are thought to 
encourage the disease but sandy soils seem to be the 
worst.
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Diagnostics, epidemiology and control 
of potato blemish diseases - Focus on 
Rhizoctonia
A.K. Lees1, J.L. Brierley1, S.J. Wale2, A.J. Hilton2, J, Woodhall> & J. Peters>
1Y%[	:!"#!	]!]	
'982SAC, Aberdeen, UK. >7		G	
Research Agency, York, UK.
alison.lees@hutton.ac.uk
Rhizoctonia solani is a soil-borne pathogen that 
	!!!	!
###		-
ferent host species. In potato, infection of shoots by 
R. solani soon after planting causes stem canker and 
!+:		-
	#!*!		
#!!!!!	!!	
yield can be reduced. Sclerotia of R. solani -
op on progeny tubers, resulting in the tuber blemish 
disease black scurf, thus affecting tuber quality and 
acting as an inoculum source for subsequent crops. 
Isolates of R. solani !		!!#
!	!		!!	>|;<>j-
#	#!	#;	!;<=;<
;<!			
Soil-borne Rhizoctonia solanix+-
+	!	!!<
?Y$!!!	
!!!
and diagnostic tests appear not to accurately rep-
!+		!	R. solani. Our studies to 
		!!#

	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	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described.
Due to a lack of knowledge of how R. solani!!
!!!!!!#!+-
		+#!!		!-
tic assay will be appropriate for a risk assessment of 
stem canker or black scurf or to make disease control 
recommendations. To underpin any interpretation of 
	!!#		!	<
!<		!!!!
how these relationships are affected by factors such 
!!				!!-
tomosis group and control options is being studied. 
R. solani can exist in two forms in the soil, as sclero-
!!	###"#x
	#!
	!		#
	!!	!	!	
!#		
';!
!	##
##	!!	-
!)	#	#
epidemiological importance of each propagule type is 
important in establishing the link between inoculum 
and disease.
9!			}!+
!
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#	
!!		-
!!	#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!	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Results will be presented and ongoing work described.
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Decision making in potato skin blemish 
diseases control using real–time diagnostic 
methods; Norwegian results from 2009 and 
2010
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scurf pathogens in the seed and soil and potential 
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samples in spring and in the middle of August. 
Black dot (Colletotrichum coccodes)
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in the seed tubers. The amount of black dot in progeny 
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Skin spot (Polyscytalum pustulans)
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skin spot inoculum in progeny tubers.  
Common scab (Streptomyces spp.)
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both in the spring and in the autumn as well as on 
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incidence of common scab in progeny tubers did not 
explain much.    
Silver scurf (Helminthosporium solani)
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of inoculum in seed tubers. There was a wide range in 
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Black scurf (Rhizoctonia solani)
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spring and in the autumn. There was a good correla-
tion between the amount of black scurf hyphae found 
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the PCR test on tubers. The correlation between scle-
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was less good. The amount of inoculum in seed tubers 
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progeny tubers. 
Powdery scab (Spongospora subterranea f. sp. 
subterranea)
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This is probably caused by the patchy nature of the 
symptoms and that a large part of the spore powder 
was washed away from some seed lots. The inoculum 
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Conclusion
For skin spot, powdery scab and black dot the disease 
incidence increased with the amount of inoculum on 
the seed tubers. For black dot and powdery scab the 
disease incidence also increased with soil inoculum. 
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disease incidence in the progeny tubers. Our results 
indicate that real time PCR diagnostic tools can be 
used to select seed lots and soils with low inoculum 
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and powdery scab.
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subterranea f. sp. subterranea, the cause of 
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The soil-borne pathogen Spongospora subterranea  
f. sp. subterranea produces many resting spores which 
can remain dormant for long periods being highly 
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disease on seed potatoes and in contaminated soil. 
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powdery scab. A disease management strategy which 
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approach to powdery scab control. ‘Plant clean seed 
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toms, supported by immunotest, ELISA and molecular 
markers. In situations where infected seed has to be 
planted, seed treatment might help but only when 
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tial way of short distance dissemination is the spread 
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detect and quantify soil inoculum. Producers want 
to minimize the risk for crop infection. Professional 
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dery scab management. Bioassay, immunology and 
molecular marker are all able to detect the pathogen 
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none of them allow to clearly identify a healthy soil 
and, except for the bioassay, they detect also non-
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tion, trap crops or biocontrol may help to reduce the 
initial inoculum.
The core measure of a long-term powdery scab 
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stantial differences in susceptibility to tuber infec-
tion. Susceptibility to root infection should also be as-
sessed as sporosori produced in root galls contribute 
to a large part of the soil inoculum. Powdery scab has 
not been included in potato breeding programs until 
recently. There is a need for better understanding of 
the genetic nature of the pathogen, as successful dis-
ease resistance breeding relies on detailed knowledge 
of the genetic background of pathogen populations.
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Effect of soil humidity and pH on common 
scab severity – controlled climate experiments
T.J. Johansen1, M.W. Dees> & A. Hermansen2
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pathogen species (Streptomyces turgidiscabies and  
S. europaeiscabiei) in potatoes.  The work was per-
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attained by adding limestone meal. Plants of the sus-
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inoculum of the two Streptomyces species produced 
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were registered.
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compared to control plants (0 %). Tubers inoculated 
with S. europaeiscabiei showed only minor damage  
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soil humidity for any of the two Streptomyces spe-
cies. In 2010, the two common scab pathogen species 
showed similar damage and similar reactions to 
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S. turgidiscabies reduced total yield with 20 percent. 
In conclusion it seems like the common scab damage 
caused by both S. turgidiscabies and S. europaeisca-
biei may be reduced by wet soil conditions during 
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two years of experiments (studied only in 2010-
2011).   
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Effect of cultivation techniques on scurf and 
scabs - Norwegian results from 2009-2010
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The effects of soil conditions and cultural control 
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skin blemish pathogens present, but were as clean as 
possible regarding Streptomyces spp. causing common 
scab. In experiment 1 and 2, inoculum of S. europei-
scabiei and S. turgidiscabies were added at planting 
|}			!j	
#
!	
	!
##x	#	!#+!
	};+}!#=-
!#;#!!	!
!
	!
#!	!	#
-
Y	^!	}		!)
blemish diseases using stereomicroscope. In addition, 
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Experiment 1. Effects of fertilizers and soil  
compaction
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both Streptomyces species. Soil compaction after 
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strategies with potential to reduce skin blemish dis-
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shell meal and additions of elementary sulphur (Brim-
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(spore forming Bacillus) combined with Phosphorus 
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Both seasons were fairly wet after tuber initiation 
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blemish diseases, were generally low. In most experi-
ments inoculation with S. turgidiscabies resulted in 
the highest incidences of common scab. There were 
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between the different fertilizer strategies tested. 
Experiment 2. Effects of soil humidity
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Asterix had minor common scab infections, while 
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most common scab. In 2010 different periods (from 
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this disease. S. turgidiscabies resulted in the highest 
incidences of common scab. In 2010 powdery scab 
(Spongospora subterranea f. sp. subtarranea) in  
Asterix decreased with drought late July and  
increased when the soil was kept wet.
Experiment 3. Effects of harvest, curing and  
storage strategies
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oll, using split split plot design. Nine combinations of 
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11 or 0 days were tested. Soil moisture was high at all 
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keeping high %RH) and after two weeks split again in 
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Dry conditions during curing reduced occurrence of 
!!|Helminthosporium solanij!+
while lowering of temperatures directly after curing 
resulted in less powdery scab. Powdery scab also in-
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of black scurf sclerotia was found when the crop was 
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Alternative methods for control of potato 
common scab
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Potato common scab is caused by a number of Strep-
tomyces species. In Finland, the causal agents are 
Streptomyces scabies (Thaxter) Lambert & Loria and 
S. turgidiscabies Takeuchi. The scab-causing Strepto-
myces spp. are well-adapted, successful plant patho-
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the methods used to manage potato common scab are 
aimed at controlling S. scabies, the most common of 
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S. scabies and S. turgidiscabies as causal organisms of 
common scab and explored new approaches for con-
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both species. 
S. scabies and S. turgidiscabies are known to co-occur 
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Finland. In our studies both these pathogens caused 
similar symptoms on potato tubers, and the types 
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than the pathogen species. Pathogenic strains of S. 
turgidiscabies were antagonistic to S. scabies in vitro 
indicating that these two species may be competing 
for the same ecological niche. In addition, strains of 
S. turgidiscabies tolerated lower pH than those of 
S. scabies 
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Finland.
The bacterial phytotoxins, thaxtomins, are produced 
by the scab-causing Streptomyces spp. and are es-
sential for the induction of scab symptoms. In this 
study, thaxtomins were produced in vitro and four 
thaxtomin compounds isolated and characterized. All 
four thaxtomins induced similar symptoms of reduced 
root and shoot growth, root swelling or necrosis on 
micro-propagated potato seedlings. The main phyto-
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a bioassay in vitro to screen F1 potato progeny from 
a single cross. Tolerance to thaxtomin A in vitro and 
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that the in vitro bioassay could be used in the early 
stages of a resistance breeding program to discard 
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populations. 
The potential for biological control of S. scabies and 
S. turgidiscabies using a non-pathogenic Streptomy-
ces!|>=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biocontrol product was studied. Both strains showed 
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of common scab disease caused by S. turgidiscabies 
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the incidence of S. turgidiscabies in scab lesions on 
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conditions and may be applied to enhance control of 
common scab in the future.
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Field evaluation of bacterial antagonists and 
arbuscular mycorrhizal fungi against black 
scurf
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tions, soil-borne fungal pathogens such as Rhizoctonia 
solani, Helminthosporium solani, Colletotrichum 
coccodes, the causal agents of different kinds of skin 
blemish diseases, are an increasing threat to the prof-
itability of the potato production in Sweden. After 
late blight (Phytophthora infestans), R. solani ranks 
as the second most important reason for economic 
losses. R. solani!	!!!	
for a long time and role of soil inoculum is not well 
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plant protection practices. The use of antagonistic 
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other means. 
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bacteria and compared this with effects of com-
mercial preparations Root Professional, Biorize and 
Mykymp (based on Glomus spp.) and Proradix (based 
on Pseudomonas!j	!+!	
on naturally infested soils. Reduced disease incidence 
was consistently recorded for two bacterial iso-
lates (belonging to Serratia sp.) during two years of 
}	
#			!	
application as soil inoculum at planting. An increase 
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in yield due to upgrading of tuber quality was not 
estimated. The bio-control effects depended on the 
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inoculum in the soil. Pathogenic fungi colonising the 
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occurrence of both C.coccodes and H.solani. Some 
results from these studies will be presented.
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Soil and seed treatments with fungicides 
against skin blemish diseases
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Seed treatment trials were carried out with three to 
four different seed lots planted at two locations each 
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cation methods. These trials showed that there were 
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from the same seed lot. We tested three different 
application methods, spray-table or dipping some 
weeks prior to planting or spraying of tubers at plant-
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application methods were found. Both Maxim100FS 
and Rizolex 50FW reduced the amount of black scurf 
(Rhizoctonia solani) sclerotia and the frequency of R. 
solani hyphae on the progeny tubers. The effect of 
the treatments on the progeny tubers were measured 
#;#	#!!
(Helminthosporium solanij!	!#	
"#	#	!!
!!
using the “plug test”.  In the plug test three sectors 
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they were examined using a stereo microscope. Only 
Maxim 100FS reduced the frequency of H. solani 
sporulation on the progeny tubers. 
Seed treatment trials were carried out with three 
different seed lots planted at two locations each year 
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Amistar was applied in furrow at planting spraying 
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tubers, and the Emesto and the Rizolex were applied 
prior to planting by dipping. As in the experiments 
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All three treatments reduced the amount of R. solani 
sclerotia and hypha on the progeny tubers. Amistar 
and Emesto also reduced the frequency of H. solani 
sporulation on incubated progeny tubers (plug-test). 
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(Colletotrichum coccodes) at one location and in 
these trials there were less black dot in the Amistar 
treatment.
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R. solani, H. solani, C. coccodes and the skin spot 
pathogen Polyscytalum pustulans
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ent fungicides. Mycelial growth of ten isolates of each 
fungal species was measured on fungicide amended 
PDA media. All isolates of R. solani
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degree to imazalil. One of the R. solani isolates had 
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the R. solani isolates. Pencycuron and tolclofosmethyl 
had no or low effect on the mycelia growth of  
C. coccodes, H. solani or P. pustulans. All isolates of 
C. coccodes, H. solani and P. pustulans
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to imazalil and protiokonazol, except one P. pustu-
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Field damage in potato by lesion nematode 
Pratylenchus penetrans, its association with 
tuber symptoms and its survival in storage
R. Holgado, K. A. Oppen Skau & C. Magnusson
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Nematodes, commonly known as round worms, are 
the most common multicellular animals on planet 
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carbon and nutrient cycles. As plant parasites, either 
alone or in synergism with other pathogens, nema-
todes are responsible for plant disease complexes and 
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potato cyst nematode (PCN) Globodera rostochien-
sis !!			!	
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detected in Grue, eastern Norway. Analyses of soil 
samples did not detect PCN, but demonstrated the 
occurrence of a large number of lesion nematodes 
Pratylenchus penetrans.Tubers from the depressed 
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caused by the common scab bacterium Streptomy-
ces scabies. Potato yield was reduced by 50 % in the 
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ties of P. penetrans and suggested a damage threshold 
of potato to the nematode of 100 specimens per 250 
g of soil. 
Common scab (Streptomyces scabies) occurred 
frequently in the affected area. P. penetrans was 
present in roots, underground stems, stolons and 
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common scab bacterium. In tubers, nematodes were 
detected inside cross-lesions typical symptoms of 
common scab, and occurred also in the outermost 
0.5 mm tissue associated with such lesions. In pots 

#!!	<!			:
produced from meristems, were grown in a green-
house infected with, P. penetrans, S. scabies, and 
a combination of P. penetrans and, S. scabies. P. 
penetrans alone induced tuber lesions similar to those 
of common scab. Also, the combined inoculation of 
the bacterium and the nematode seemed to enhance 
symptom expression. Similar scab symptoms, in con-
	
#!			!#
	!			!4
##!	!
				!
:	!:+!!	=C  
for 20 weeks were transferred to pots with sterile 
!	
	>	#!#<#	!]
these cultures P. penetrans
!+!!	 
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soil, roots, stolons, tubers demonstrated symptoms 
typical of P. penetrans. Interestingly, P. penetrans  
!!!				!	
##
-
	!			!		
be an important means for the spread of P. penetrans 
to new areas. The fact that the symptoms induced by 
this nematode may be mistaken for symptoms of com-
mon scab suggests that the frequency of S. scabies 
##	!!!
Infections by P. penetrans#	-
tions for scab control. This pertains in particular to 
recommended maintenance of high soil moisture at 
=<
)!!]!	!
related to nematode infection rather than to the scab 
bacterium, this recommendation would allow for a 
rapid build-up of lesion nematodes resulting in a de-
crease in both yield and marketability of the tubers. 
7#!!	!#}
of this problem.
Full paper is published in Nematologia Mediterranea 
|j>E@<
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Fusarium dry rot on potatoes in Norway: 
	

	Fusarium spp. 
and implementation of molecular diagnostic 
methods 
P. H. Jensen1, M. B. Brurberg2 & A. Hermansen2
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Fusarium dry rot is one of the most important 
	!#!!!!			\!#
	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after long and short-term storage” |<=j.
7!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!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!	
Fusarium]!	
E^F. coeruleum 
was the most common Fusarium species isolated 
from potato. The disease has been more common in 
Norway in the last decade.  
4	#!)!		!!	+	
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Fusarium spp. currently causes dry rot problems in 
	
8	
	
##!!
#
	!
#!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dry rot problem and thereby make basis for a better 
control strategy towards the disease. 
]#	
!!	!	<>!
on Fusarium spp. in potato samples collected from 
different regions in Norway will be carried out. The 
+		#!!
!		#	-
logical and molecular methods. 
]#!!	+!!	Fusarium 
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multiplex real-time PCR detection assay to detect the 
most important Fusarium species as well as another 
important storage pathogen Boeremia foveata (gan-
grene). ]#!#	!	-
tant Fusarium species were F. coeruleum,  
F. avenaceum and F. culmorum. Therefore the mul-
tiplexing is currently concentrated on these species. 
The multiplex testing will be particularly useful for 
!!	!	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Prediction of storability and biological 
control for preventing spoilage and quality 
loss in stored potatoes – A new NKJ-project 
on post-harvest potato diseases
M.B. Brurberg1, D. Funck Jensen2 & M. Pirhonen>
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is a world-wide problem that causes big losses in ag-
!"#		#!	3
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for quality control and to apply biological control 
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!!!			
Interaction of potato tubers with fungal pathogens 
causing dry rot (Fusarium), potato blight (Phytoph-
thoraj!!|Helminthosporium), and soft 
rot (Pectobacterium and Dickeya) will be used as 
model systems. The gene expression in the host and 
the pathogens will be studied with deep sequencing 
in two conditions; in high humidity that promote the 
diseases and in low humidity suppressing them. The 
}!!		+	!!#
host and in the pathogens during interactions in dif-
		!
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
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!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in the host and the pathogens are affected by humid-
ity, and identify processes which can be linked to the 
onset of rotting. Based on this information, realtime 
?Y$	G]:;!
		#+-
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Furthermore, biological control organisms will be 
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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of the control organisms with the pathogens will be 
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'Dickeya solani', a new form of blackleg 
in potato - occurrence and importance in 
Sweden
Å. Rölin¹ & A.T.S. Nilsson²
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Earlier studies in Sweden showed that blackleg 
was caused by the bacterial genus Pectobacterium 
atrosepticum;	!!		)
appeared in the Netherlands in 2005. Analyses with 
PCR-techniques of infected seed potatoes showed 
that it was a new species or sub-group within the 
genus Dickeya spp, which was named 'Dickeya solani'. 
The bacteria were spread across Europe with seed 
potatoes. A large proportion of seed potatoes used 
in Sweden is imported. A study from the last two 
	
!!	!	+!#	!!
'Dickeya solani' also occurs in Sweden. 
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and the laboratory MTT in Finland, where they were 
!
#?Y$<#x		
that can cause blackleg. The samples were analyzed 
for the occurrence of the bacteria Pectobacterium 
atrosepticum, Pectobacterium carotovorum subsp. 
carotovorum and Dickeya spp. NAK also did an analy-
sis to determine if Dickeya spp was 'Dickeya solani', 
Dickeya dianthicola or another Dickeya species.
 
]	#>!!#!-
ria of the genus Dickeya !
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further analysis was done, 'Dickeya solani' was the 
	!		!!Dickeya dianthicola 
and Dickeya spp also were found. Pectobacterium 
atrosepticum, causing the type of blackleg we are 
!	
!			==!!Pecto-
bacterium carotovorum subsp. carotovorum in a total 
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any of the different bacteria that were analyzed. In 
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Dickeya !
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'Dickeya solani'
	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eties of Dutch origin (one or more generations in the 
!j	!
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+
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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where it is unsure of the origin is Dutch or Finnish. 
We cannot draw conclusions about how widespread 
'Dickeya solani' is in Sweden, because the samples are 
	!+!(#!	-
+#
#Dickeya spp. and 'Dickeya solani' 
in Sweden.
=
Perminow, J.I.S. et al / Bioforsk FOKUS 6(10)
Potato blackleg and soft rot caused by new, 
highly virulent pathogens
J.I.S. Perminow, M.B. Brurberg, I.-L. Akselsen & A. Sletten
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Potato blackleg and soft rot are bacterial diseases of 
potato. Symptoms include dark discoloration of the 
!!!	'!
tissue leads to wilting of the affected plants. Soft rot-
ting of tubers also occurs. Latent infections are com-
mon and the diseases are mainly spread by contami-
nated seed potatoes. In recent years potato blackleg 
has been responsible for most of the cases where 
!		!
3		
#
regulatory bodies in northern Europe. Also producers 
of ware potatoes may experience large crop losses 
|	=j!!	#!!
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considered to belong to the genus Erwinia: Erwinia 
carotovora subspecies carotovora, Erwinia carotovora 
subspecies atroseptica and Erwinia chrysanthemi. 
?#	!!+	
#
';#	-
ogy has led to regrouping of many plant pathogenic  
bacteria in recent years. The new current names for 
#		@Pectobacterium 
carotovorum, Pectobacterium atrosepticum and  
Dickeya chrysanthemi. In the genus Dickeya , not 
only D. chrysanthemi  has potato among its host 
plants, but also D.dadanthi, D.zeae and especially 
D. dianthicola#!#	
	#!	
damage in potato production. D. dianthicola
!+!
	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similar detections were made in Denmark, Finland, 
7?	:	::
*-
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	!!Dickeya was de-
tected in the Netherlands, and in the following years 
also in Belgium, Finland, France, Israel and Poland. 
]##!!
locations in the United Kingdom. This bacterium, 
which has “appeared” quite recently, has become the 
dominant cause of blackleg in the Netherlands and 
some other European countries within 5 years, with 
+<	!	#		
losses (about 25 million EURO). It is reported that the 
!	!!#	#P. atrosepti-
cum and D. dianthicola, can attack in a much wider 
range of climatic conditions, needs lower bacterial 
concentrations to cause disease and spreads faster 
	+#		+"#
'Dickeya solani' has been proposed for this harmful 
organism.
In Norway, 'D. solani' has not yet been detected. 
(		!)?#!#!		!!
with unusual blackleg symptoms in the past two 
!!		
##		
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rently, a small, initial Dickeya<!!	
#![	##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symptomatic potato plants. These are in the process 
of being characterized with realtime PCR assays. In 
!!!
	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by the Norwegian Food Safety Authority, targeting 
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
###
entered the country in recent years.
Summary 
Bacterial populations are changing and new, highly 
#	!¢Dickey solani' is now being 
#!	!	#3		)!!
in Northern Europe. The bacterium spreads quickly, 
but has so far not been detected in Norway. The risk 
of introduction of the bacterium increases each time 
imported seed potatoes are planted in this country.
 
